Background: New transport infrastructure may help promote active travel, thereby contributing to increasing overall physical activity and population health gain. In 2011 a guided busway with a path for walking and cycling was opened in Cambridgeshire, UK. This paper investigates the predictors of walking, cycling and bus use on the busway. Methods: Cross-sectional analyses of the final questionnaire wave (2012) of the Commuting and Health in Cambridge cohort study following the opening of the busway. Participants were 453 adult commuters who had not moved home or workplace. Busway use was self-reported and proximity calculated using GIS. Separate multivariable logistic regression models were used to assess predictors of walking, cycling and bus use on the busway. Results: Exposure to the intervention (proximity: the negative square root of the distance from home to busway in kilometres) increased the odds of use for cycling (OR 2.18; 95% CI 1.58 to 3.00), bus travel (OR 1.53, 95% CI 1.15 to 2.02) and walking (OR 1.34; 95% CI 1.05 to 1.70). The effect of exposure was strengthened in towns for bus use, and in towns and villages for walking, compared with urban areas. Men were more likely than women to have cycled on the busway, whereas individual socioeconomic characteristics did not predict bus use or walking. Conclusion: New high-quality transport infrastructure attracts users, determined by geographical exposure and spatial contextual factors such as settlement size and availability of parking at work. Future longitudinal analyses will determine effects on overall travel and physical activity behaviour change.
Introduction
The prospect of improving health by increasing physical activity has obtained worldwide attention (United Nation General Assembly, 2011). Active travel -walking and cycling for transport -offers an easily integrated form of everyday physical activity that can be sufficient to improve health and well-being (Chief Medical Officers, 2011) . However, not all environments are equally supportive for walking and cycling (Handy et al., 2002; Saelaens and Handy, 2008; Titze et al., 2008) . New infrastructure could contribute to an increase in active travel, either by inducing additional walking or cycling trips or by shifting existing trips to these modes of travel. Improving public transport could also help achieve this, because public transport use is associated with higher levels of active travel (Rissell et al., 2012; Freeland et al., 2013; Lachapelle and Noland, 2012; Besser and Dannenberg, 2005) .
Conventional wisdom suggests that providing safe and high-quality infrastructure may attract users, and greater provision of bicycle infrastructure has indeed been associated with higher levels of cycling (Dill and Carr, 2003) . People may be willing to detour to use a facility. For example, Dill (2009) showed that cyclists travelled a disproportionate share of their journeys on dedicated infrastructure. On the other hand, proximity to infrastructure appears to increase its use. For example, Krizek et al. (2007) demonstrated that urban cycle path use declined with increasing distance from home to path. Similarly, whether people walk or cycle to a bus stop or railway station is associated with the distance involved (Martens, 2004) . However, evidence for any maximum acceptable access distance is inconclusive Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/jth (Guerra et al., 2011) , and although the distance decay function appears to differ between modes of travel (Iacono et al., 2008) it is unknown if this also applies to the use of different modes on the same infrastructure.
Few intervention studies have provided causal evidence linking changes in the built environment with changes in active travel Yang et al., 2010) . However, Goodman et al. (2013 Goodman et al. ( ), (2014 have recently shown in a longitudinal quasi-experimental study that proximity to new walking and cycling routes predicted their use, and increases in overall physical activity, among residents living within 5 km. The number of destinations that can be reached may be another important predictor of use. While such accessibility benefits are likely to differ between individuals as a result of different spatial activity patterns, there is little evidence that individuals expected to benefit more from new infrastructure use it more (Chatterjee and Ma, 2009 ). The few intervention studies available have tended to focus on single modes of transport and have also often ignored the social and geographical patterning of exposure and response to new transport infrastructure, which is important for evaluating its population health impacts.
The Commuting and Health in Cambridge study offers the opportunity to explore the extent to which exposure to new infrastructure is associated with changes in travel behaviour using that infrastructure. In 2011 a guided busway with a path for walking and cycling was opened in and around Cambridge, UK (Ogilvie et al., 2010) . This construction -the longest of its kind in the world -is unique in providing facilities for three modes of transport in one intervention, including a bus service of higher than usual quality for the UK. An ethnographic study has provided insight into the factors that early users of the busway found important and how it may have changed their travel behaviour (Jones et al., 2013) . However, it remains unclear which factors contribute to the use of different modes of travel on the busway. The aim of this paper is to test the first step of a putative causal pathway linking this transport intervention with population health impacts, by determining the relationship between the provision of new infrastructure and its use.
Methods

The Cambridgeshire guided busway
The study is set in and around the city of Cambridge, UK (123,900 inhabitants) (ONS, 2011) . The busway was opened in August 2011. It consists of a 25 km guideway (separate off-road track) for specially adapted buses, accompanied by a service path that can be used for walking and cycling (Figs. 1 and 2). The busway links several major employment sites in the city centre and urban fringes with outlying towns and villages, and includes new park-and-ride facilities at each terminus and at a third, rural stop at Longstanton (www.thebusway.info).
Study sample
Data were collected as part of a longitudinal cohort study of adults aged 16 years or over working in areas of Cambridge to be served by the busway, living within a radius of approximately 30 km of the city centre, and recruited predominantly through workplaces (Ogilvie et al., 2010; Panter et al., 2011) . The fourth and final (post-intervention) annual wave of survey data was collected by post from the 665 remaining cohort participants in 2012. This survey was approved by the University of Cambridge Psychology Research Ethics Committee (reference no. 2012.14) and all participants provided written informed consent. For the present analysis we excluded the 212 respondents who had moved home or workplace at any time during the cohort study (2009) (2010) (2011) (2012) , because people who have recently moved are more open to reconsidering their travel behaviour (Verplanken et al., 2008; Bamberg, 2006) and moving could therefore have influenced busway use in a variety of ways that could not (easily) be controlled for. This left 453 participants included in the analyses.
Outcome measures
Three binary dependent variables were used: use of the guided bus, use of the path for cycling and use of the path for walking. These were ascertained using the questions 'Have you ever travelled on a guided bus in Cambridgeshire?' (response options: 'Yes' or 'No') and 'Have you ever walked or cycled along any part of the footpath or cycle path beside the guided busway?' (response options, of which more than one could be selected: 'Yes -I have walked beside the busway', 'Yes -I have cycled beside the busway' and/or 'No -I have not walked or cycled along the path beside the busway at all'). Walking and cycling had been possible on the path before its official opening. If participants had indicated using the path in wave two (2010) or three (2011) of the survey but not in wave four (2012) (walking, n ¼35; cycling, n¼ 12), we carried forward these positive responses to wave four. Sensitivity analysis showed that restoring these imputed positive responses to their original values made no substantial difference to the results. 
Exposure measures
Different measures of exposure to the intervention were used for the analyses of different outcomes (Appendix 1). For guided bus use, exposure was defined using the proximity of each participant's home to the nearest busway stop and the modelled change in bus travel time to work induced by the intervention. For walking and cycling, exposure was defined using proximity to the nearest access point to the path and the change in the modelled walking/cycling distance to work induced by the intervention.
The distance to the nearest busway stop or path access point was the primary measure of accessibility of the intervention in general. We expected a given increment in distance to have a smaller effect on use as distance increased, which suggested that it would not be appropriate to model a linear relationship. Exploratory analyses confirmed this. Whilst the log transform is also commonly used in studies of distance decay, the root square transformation was selected as the estimates produced are slightly more conservative and more easily interpretable. For ease of interpretation, proximity to the intervention -the inverse (i.e. the negative) of the square root of the distance -was used as the primary exposure measure in all models.
We were also able to estimate the changes in travel time or distance to work for each participant attributable to the intervention. Because the outcome measures captured use of the intervention for any purpose, these commuting-specific metrics were used as secondary exposure measures to indicate the degree to which an individual participant might benefit in respect of their journey to work, and to serve as proxies for potential benefits in respect of other trips.
Covariates
The following covariates, ascertained using questionnaire items reported previously (Panter et al., 2011) , were included in analysis: gender, age, education level, car ownership, housing tenure, possession of a driving licence, access to a bicycle, being a student, presence of children in the household, presence of a limiting long-term health condition, difficulty walking, and the mental (MCS-8) and physical (PCS-8) summary scores of the SF-8 (Ware et al., 2008) along with an indicator of residential settlement size -the urban/rural classification of the census output area of each participant's home postcode (Bibby and Shephard, 2004) (Table 1) . Because participants were all commuters, the length of their shortest route on the pedestrian and cyclist network from home to work (before the intervention) and self-reported availability of (free) parking at work -both of which have been shown to be associated with mode of travel to work (Heinen et al., 2013 ) -were also included as covariates. Any missing values for covariates were substituted by the last reported value in previous survey waves (limiting long-term health conditions, n¼ 4; difficulty walking, n¼2). Sensitivity analyses showed no effect of this substitution.
Analysis
Separate multivariable logistic regression models were estimated for each of the three outcomes of guided bus use and walking and cycling on the path. Gender, age and any other explanatory variables associated with the outcome at p o0.25 in unadjusted models were included in the multivariable models. Interaction effects were tested between proximity to the intervention (primary exposure measure) and gender, age, settlement size, and the modelled change in travel time or distance to work (secondary exposure measure). Three versions of each multivariable model were estimated: a maximally adjusted model including interaction effects; a model without interaction effects; and a model excluding workplace characteristics. In the final models, the distance from home to work was omitted because it was highly correlated with the primary exposure measure in each model (r¼ 0.75 for the bus model, r ¼0.83 for the walking and cycling models). The numbers of individuals who were students or reported difficulties walking were small; these variables were therefore also omitted.
Results
Participant characteristics
Participants had a mean age of 47.6 years and 70% were women. While our sample had a high prevalence of car ownership comparable with that of the area from which they were drawn, women and graduates were over-represented in the sample and younger adults were under-represented (Appendix 2). Respondents lived on average around 7 km from the busway, with those in more urban settlements tending to live closer. 86 (19.5%) participants were estimated to have experienced a change in walking/cycling distance to work following the intervention, and 46 (10.5%) a change in bus travel time to work (Table 1) . These changes tended to be small, with median changes of À0.1 km and 4.0 min respectively among those experiencing any change at all.
Predictors of guided bus use
Living closer to the busway was associated with an increased likelihood of using the guided bus (OR 1.53, 95% CI 1.15 to 2.02) ( Table 2) . This corresponds to a 53% increase in the odds of having used the guided bus for those living 4 km from the busway compared to those Compared to living in an urban area, living in a town or fringe location (OR 3.45, 95% CI 1.62 to 7.37) or in a village, hamlet or isolated dwelling (OR 2.09, 95% CI 1.04 to 4.21) increased the odds of having used the guided bus. Using the bus was not associated with any of the individual socioeconomic characteristics investigated.
One significant interaction effect was identified: the effect of proximity to the busway was strengthened among those living in town and urban fringe locations (OR 2.95, 95% CI 1.42 to 6.15).
Predictors of walking on the path
Proximity to the busway was associated with having walked on the path (OR 1.34, 95% CI 1.05 to 1.70) (Table 3) , which means that an individual living 4 compared to 9 km away from the busway has 34% higher odds to have walked on the busway. We also found an effect of an interaction term between proximity and settlement size. This interaction term predicted the likelihood of walking on the path, in that individuals living closer to the busway were more likely to walk on the path if they lived in towns and urban fringe locations (OR 2.91, 95% CI 1.52 to 5.55) or villages (OR 2.20, 95% CI 1.22 to 3.97).
Compared to having no parking, having free or paid car parking at work was associated with increased odds of walking on the path (respectively OR 2.29, 95% CI 1.29 to 4.06; OR 2.71, 95% CI 1.42 to 5.15). Excluding workplace characteristics from the multivariable model had only a small effect on the adjusted odds ratio for the main effect of the intervention, suggesting that the walking captured in this model included walking for commuting and other purposes.
Predictors of cycling on the path
Proximity to the busway was associated with use of the path for cycling (OR 2.18, 95% CI 1.58 to 3.00) ( Table 4 ). An individual living 4 km from the path was more than twice as likely to have cycled on the path than one living 9 km away.
Unlike for guided bus use and walking, socioeconomic characteristics were associated with use of the path for cycling. Women were less likely than men to report having cycled (OR 0.41, 95% CI 0.24 to 0.69). People living in town or urban fringe locations (OR 2.10, 95% CI 1.04 to 4.21) or villages or hamlets (OR 2.65, 95% CI 1.21 to 5.78) were more likely to have cycled on the path. Workplace characteristics were not associated with use of the path for cycling, and no significant interaction terms were found.
Discussion and conclusion
The results indicate that the new high-quality infrastructure and public transport service provided by the Cambridgeshire Guided Busway attracted users, and that among a population of adult commuters its use was clearly associated with geographical exposure in terms of residential proximity to the busway.
The association of use with proximity was stronger for cycling than for walking or bus use (unadjusted ORs: bicycle 2.30; bus 1.54; walk 1.63). Krygsman et al. (2004) suggest that the time for which people are willing to travel to access a public transport service increases with the total journey duration. Guided bus users may have been likely to travel further than cyclists on each trip, and therefore less sensitive to a given increment in access distance. Walking on the path as captured in the survey could reflect a mixture of walking to access the bus service and walking in its own right, which may explain an odds ratio for walking that was intermediate between those for bus use and for cycling. Secondary measures of exposure to the intervention in terms of its effect in reducing distance or travel time to work did not predict use in multivariable models, perhaps reflecting the small absolute changes in these measures.
Spatial contextual factors, such as settlement size and the availability of car parking at work, were also associated with the use of the busway by all three modes of transport. The effect of proximity to the intervention was strengthened in towns for bus use, and in towns and villages for walking, compared with urban areas. These findings indicate that the uptake of the intervention was moderated by characteristics of the settlements in which people lived, suggesting that its ultimate effects may not be equally distributed across the area it serves.
Significant associations between use of the intervention and socioeconomic characteristics were observed only for cycling: we found that men were more likely than women to cycle on the busway, corresponding with the social patterning of cycling in the UK in general (DfT, 2013). We did not find evidence of a socioeconomic patterning of guided bus use. This suggests that the guided bus service may have been regarded as more acceptable to higher socioeconomic groups than ordinary bus services, which may be important for the normalisation and destigmatisation of bus travel as an alternative to car travel (Jones et al., 2013) .
The key strengths of this study lie in its use of measures of individual exposure to show that new transport infrastructure attracts users, and in its exploration of how that use is socioeconomically patterned and moderated by other characteristics of the built environment. In doing so, we have confirmed the first step of a putative causal pathway linking this novel environmental intervention with potential impacts on population activity patterns and health. Nevertheless, the study has a number of limitations. These include its focus on a sample of commuters not entirely representative of the population of Cambridgeshire -who may use the busway more or less frequently, in different ways and for different reasons than the general population -and its reliance on a self-reported measure of infrastructure use, the validity of which may be threatened by intentional or unintentional misreporting. Furthermore, the analyses were not specific to a particular journey purpose, whereas use of the busway may have been associated with different determinants for different trip purposes. Data collected in a separate, larger intercept survey of busway users may provide additional insight into the characteristics of use, such as trip purpose and frequency.
Despite its limitations, the findings of this study are important for public health for two reasons. First, we have shown that people will take up the opportunity to walk, and particularly to cycle, on high quality infrastructure, even when high quality public transport is also provided. This suggests that public transport can coexist with active travel in a more sustainable and health-promoting transport system, rather than necessarily deterring people from walking or cycling (Edwards et al., 2013) . Second, we have shown that the uptake of such an intervention may be greater in the population living outside urban areas, where there may be more potential for shifting away from the private car for everyday mobility. While the findings suggest that the busway could result in higher levels of active travel and consequent health improvement, the next steps in the causal pathway remain to be tested. Future longitudinal analyses of the cohort data will aim to quantify and understand changes in travel behaviour (modal shift, trip frequency or distance travelled) and overall activity patterns (including any compensatory decrease in other domains of physical activity) to determine the extent to which the intervention has resulted in changes sufficient to improve physical activity and public health.
